1. Introduction {#sec1}
===============

Identification of chronic kidney disease (CKD) is critical to prevent end stage renal disease (ESRD) and achieve more favorable survival outcomes \[[@bib1]\]. Although initial guidelines classified CKD solely based on estimated glomerular filtration rate (GFR), the National Kidney Foundation in the K/DOQI guidelines and PARADE study indicates that both GFR and proteinuria are important factors in CKD risk stratification \[[@bib2],[@bib3]\]. CKD classification based on GFR, proteinuria, and etiology accurately predicts progression of CKD and mortality in diverse patient populations \[[@bib4], [@bib5], [@bib6]\].

In prior studies, CKD groupings have been made utilizing proteinuria determinations from urinalysis (UA), 24-h urine collection, albumin-to-creatinine ratio (ACR), or unspecified methodology \[[@bib7],[@bib8]\]. In addition, classification of the clinical setting in which proteinuria was detected has been routinely omitted. Higher levels of proteinuria on UA are associated with increased risk of death and progression to kidney failure at a given level of GFR, indicating the importance of this marker as a sign of significant kidney damage \[[@bib4],[@bib9],[@bib10]\]. For example, the risk of death doubled in patients with stage 2 CKD having proteinuria, compared to the stage 2 CKD population without proteinuria \[[@bib11]\]. Dipstick UA is a widely accepted test performed commonly in a variety of clinical settings. UA is reliably diagnostic of proteinuria with high sensitivity and specificity; however, a very low percentage of positive dipsticks are indicative of serious urinary tract disorders \[[@bib12], [@bib13], [@bib14], [@bib15]\]. Screening of the general population for proteinuria with UA is not common practice, although it is recommended for high-risk populations such as those diagnosed with hypertension, diabetes, and/or greater than 60 years of age \[[@bib16], [@bib17], [@bib18]\]. A greater understanding of survival in high-risk patient populations will provide guidance into the overall clinical course and management of CKD.

Although proteinuria is clearly a predictor of CKD progression and mortality, the clinical setting in which proteinuria was determined has not been well documented or studied and may significantly impact CKD classification and survival. A high prevalence of proteinuria can be detected in the inpatient setting, but this may be attributable to acute kidney injury or failure, rather than CKD \[[@bib19]\]. In the current study, we evaluate the survival of a large number of patients having UA in outpatient, inpatient, and emergency settings according to proteinuria classification.

2. Materials and methods {#sec2}
========================

2.1. Patient populations {#sec2.1}
------------------------

Patients having both UA and serum creatinine determination in the same 24-h period were identified retrospectively within Spectrum Health Hospital System records during calendar year 2010. Patients were then separated according to clinical setting in which these laboratory studies were performed: outpatient (OP) medical practices: 22,918, emergency department (ED) patients: 16,861, and hospitalized inpatients (IP): 12,304. Follow-up on each unique patient was obtained directly from the electronic medical record. Clinical and demographic data for patients in each cohort were recorded in a database with only de-identified data. The Spectrum Health Institutional Review Board approved the study, which has been registered at ResearchRegistry5017. This research is fully compliant with the STROCSS criteria \[[@bib20]\].

2.2. Urine analysis {#sec2.2}
-------------------

Quantification of proteinuria was performed with a Clinitek urine analyzer (Siemens Medical Solutions USA, Inc., Malvern, PA). Proteinuria was classified according to KDIGO guidelines, as A1 when 'negative', 'trace', 15 or 25 mg/g; A2 when 1+ (30 mg/g), 2+ (100 mg/g), or 3+ (300 mg/g); and A3 when 4+ (\>300 mg/g).

2.3. Statistical analysis {#sec2.3}
-------------------------

Demographic analyses were done using a Kruskal Wallis analysis for quantitative data and a chi-square analysis for qualitative data. Quantitative data was expressed as median \[quartile 1, quartile 3\] and qualitative data was expressed as frequency (percent). Survival curves and estimates were created assessing survival probability at 2, 4, and 6 years after measurement. A1, A2, and A3 proteinuria groups were plotted accordingly. Log-Rank tests were performed with a Tukey-Kramer adjustment for pairwise comparisons to determine statistical significance with p \< 0.05. Cox proportional hazards models were run utilizing either KDIGO classification or GFR group and proteinuria group along with age, race, gender, and comorbidities. Statistical analyses were generated using SAS (SAS Enterprise Guide software, Version 7.1, SAS Institute Inc, Cary, NC).

3. Results {#sec3}
==========

3.1. Impact of clinical setting on proteinuria and glomerular filtration rate {#sec3.1}
-----------------------------------------------------------------------------

Multiple differences were identified in the UA samples obtained from patients in the OP, ED, and IP settings ([Table 1](#tbl1){ref-type="table"}). Negative dipstick as defined by no positive blood, glucose, leukocyte esterase, nitrite, ketone, urobilinogen, and bilirubin was 70.9% for outpatients, 50.6% for ED patients, and 44.0% for inpatients. The proportion of patients reported to have no significant microscopic UA findings was 46.2% for outpatients, 27.1% for ED patients, and 32.1% for inpatients. The proportion of patients with positive findings, and distribution of these findings, was also significantly different between the three cohorts ([Table S1](#appsec1){ref-type="sec"}). Proteinuria was present in 17.3% of patients overall, with proportions of 9.0%, 18.7%, and 31.0% in the OP, ED, and IP groups, respectively ([Table 1](#tbl1){ref-type="table"}, [Fig. 1](#fig1){ref-type="fig"}A). Median creatinine was also significantly higher for IP (median: 0.98 mg/dL, IQR: 0.77--1.35, p \< 0.0001), than both OP (median: 0.88, IQR: 0.74--1.04) and ED patients (median: 0.80, IQR: 0.67--0.98). This corresponded to a shift in distribution of GFR classification away from G1-G2 in OP and ED patients, with greater proportions of G3a, G3b, G4, and G5 groups in IP (p \< 0.0001) ([Fig. 1](#fig1){ref-type="fig"}B). Higher GFR group was associated with the presence of proteinuria, resulting in a greater proportion of patients with moderately increased, high, and very high CKD risk (according to KDIGO classification) for IP compared with ED and OP (p \< 0.0001, [Fig. 1](#fig1){ref-type="fig"}C and D).Table 1Urinalysis data according to patient setting group.Table 1All Patients (n = 52083)Outpatient (n = 22918)Emergency Department (n = 16861)Inpatient (n = 12304)pMedian Age, years (IQR)55 (39, 70)57 (46, 68)41 (28, 60)66 (50, 80)\<0.0001Male21081 (40.5%)10435 (45.5%)5174 (30.7%)5472 (44.5%)\<0.0001African-American4879 (9.4%)1482 (6.5%)2372 (14.1%)1025 (8.3%)\<0.0001Negative Urinalysis Findings\<0.0001Dipstick30126 (57.8%)16180 (70.9%)8532 (50.6%)5414 (44.0%)Microscopic19107 (36.7%)10588 (46.2%)4569 (27.1%)3950 (32.1%)Proteinuria group\<0.0001A1(\<30, negative, trace)43055 (82.7%)20856 (91.0%)13715 (81.3%)8484 (69.0%)A2 (30--300)8220 (15.8%)1942 (8.5%)2861 (17.0%)3417 (27.8%)A3 (\>300)808 (1.5%)120 (0.5%)285 (1.7%)403 (3.2%)Median Creatinine, mg/dL (IQR)0.87 (0.72, 1.06)0.88 (0.74, 1.04)0.80 (0.67, 0.98)0.98 (0.77, 1.35)\<0.0001GFR Group\<0.0001G1-G2 (\>60)41007 (78.8%)19129 (83.5%)14480 (85.9%)7398 (60.1%)G3a (45--60)5873 (11.3%)2537 (11.1%)1367 (8.1%)1969 (16.0%)G3b (30--45)3233 (6.2%)947 (4.1%)682 (4.0%)1604 (13.0%)G4 (15--30)1479 (2.8%)260 (1.1%)264 (1.6%)955 (7.8%)G5 (\<30)483 (0.92%)42 (0.2%)67 (0.4%)374 (3.0%)KDIGO Risk Classification\<0.0001Low35429 (68.0%)17738 (77.4%)12070 (71.6%)5621 (45.7%)Moderately Increased9828 (18.9%)3574 (15.6%)3291 (19.5%)2963 (24.1%)High3707 (7.1%)1069 (4.7%)911 (5.4%)1727 (14.0%)Very High3111 (6.0%)534 (2.3%)588 (3.5%)1989 (16.2%)[^1]Fig. 1Associations between proteinuria, GFR, KDIGO risk group, and clinical setting in which UA was performed. (A) Proteinuria Group, (B) GFR Group, and (C) KDIGO Risk Stratification by Patient Setting. (D) GFR Group Distribution by proteinuria group.Fig. 1

3.2. Overall survival is differentially affected by proteinuria according to clinical setting {#sec3.2}
---------------------------------------------------------------------------------------------

The six-year overall survival rate of patients with A1 proteinuria group on UA was 93.3% for OP, 90.5% for ED, and 67.0% for IP ([Table 2](#tbl2){ref-type="table"}). For A2 proteinuria group on UA, the survival rate of patients was 86.1% for OP, 85.5% for ED, and 58.0% for IP. For A3 proteinuria group on UA, survival was 75.0% for OP, 67.7% for ED, and 52.3% for IP ([Fig. 2](#fig2){ref-type="fig"}). For each patient population, survival was significantly decreased in the higher proteinuria group relative to lower proteinuria group (A1\>A2\>A3) at p \< 0.0001, except for ED A2\>A3 at p = 0.0086 ([Table S2](#appsec1){ref-type="sec"}). When comparing different patient settings within each proteinuria group, all comparisons were significant at p \< 0.0001 ([Table S3](#appsec1){ref-type="sec"}), with the exception of A2 (OP \> ED, p = 0.0130), and A3 for OP and ED groups, which were not significantly different (p = 0.98) (see [Fig. 3](#fig3){ref-type="fig"}).Table 2Overall survival at 6 years according to proteinuria group and clinical setting.Table 2Patient GroupProteinuria GroupTotal (n)Deceased (n)Surviving (n)Survival (%)OutpatientA12085614001945693.29A21942270167286.10A3120309075.00Total2291817002121892.58EmergencyA11371513081240790.46A22861415244685.49A32859219367.72Total1686118151504689.24InpatientA184842799568567.01A234171436198157.97A340319221152.36Total123044427787764.02Total5208379424414184.75Fig. 2Kaplan-Meier overall survival curves stratified by proteinuria groups (log rank p \< 0.0001). (A) All Patients. (B) Outpatient Population. (C) Emergency Population. (D) Inpatient Population.Fig. 2Fig. 3Kaplan-Meier overall survival curves stratified by proteinuria groups (log rank p \< 0.0001) (A) All Patients. (B) A1 Proteinuria group. (C) A2 Proteinuria group. (D) A3 Proteinuria group.Fig. 3

To further investigate the interaction between the extent of proteinuria and the clinical setting in which it was determined, we performed multivariable analyses of survival accounting for patient demographics and comorbidities. In Cox proportional hazard models, the only variables that were not significantly associated with survival were peripheral vascular disease and race ([Table 3](#tbl3){ref-type="table"}, p \< 0.0001 for all significant variables). For KDIGO classification, GFR group and proteinuria group, the hazard ratio (HR) increased with ascending group or classification. Cancer had the highest HR among comorbidities in both the KDIGO based model (3.07, 95%CI: 2.84--3.32) and the GFR/proteinuria based model (3.05, 95%CI: 2.82--3.30). Cox analysis also confirmed the IP population to be the most at-risk population in both the KDIGO-based model \[HR:1.61 (95% CI: 1.52--1.70)\] and the GFR/proteinuria based model \[HR: 1.59 (95% CI: 1.50--1.68)\].Table 3Cox proportional hazards regression analysis with mortality as the dependent variable, with either KDIGO class or both proteinuria and GFR groups included as independent variables.Table 3VariableKDIGO UsedProteinuria & GFR UsedHazard Ratio (95% CI)p-valueHazard Ratio (95% CI)p-valueAge1.059 (1.057--1.060)\<0.00011.060 (1.058--1.062)\<0.0001Gender (Female vs. Male)1.26 (1.21, 1.32)\<0.00011.25 (1.20, 1.31)\<0.0001Race (African American vs. Other)[f](#tbl3fnf){ref-type="table-fn"}--0.6235--0.3231Hypertension0.85 (0.81--0.90)\<0.00010.86 (0.82--0.90)\<0.0001Diabetes1.31 (1.24--1.39)\<0.00011.30 (1.23--1.38)\<0.0001CAD/MI1.25 (1.16--1.35)\<0.00011.24 (1.15--1.34)\<0.0001PVD[f](#tbl3fnf){ref-type="table-fn"}--0.0748--0.0582Cancer3.07 (2.84--3.32)\<0.00013.05 (2.82--3.30)\<0.0001Patient Setting[a](#tbl3fna){ref-type="table-fn"} Inpatient1.61 (1.52--1.70)\<0.00011.59 (1.50--1.68)\<0.0001 Outpatient0.47 (0.44--0.50)\<0.00010.47 (0.44--0.50)\<0.0001KDIGO Class[b](#tbl3fnb){ref-type="table-fn"}NA[c](#tbl3fnc){ref-type="table-fn"}NA Class 2 (Moderately-Increased)1.32 (1.24--1.40)\<0.0001 Class 3 (High)1.58 (1.47--1.69)\<0.0001 Class 4 (Very High)2.01 (1.88--2.15)\<0.0001GFR Group[d](#tbl3fnd){ref-type="table-fn"}NA[c](#tbl3fnc){ref-type="table-fn"}NA G3a1.14 (1.07--1.21)\<0.0001 G3b1.44 (1.34--1.53)\<0.0001 G41.62 (1.49--1.76)\<0.0001 G51.98 (1.73--2.25)\<0.0001Proteinuria Group[e](#tbl3fne){ref-type="table-fn"}NA[c](#tbl3fnc){ref-type="table-fn"}NA A21.36 (1.29--1.43)\<0.0001 A31.70 (1.51--1.90)\<0.0001[^2][^3][^4][^5][^6][^7][^8]

4. Discussion {#sec4}
=============

The most recent KDIGO schema for CKD classification incorporates etiology, GFR, and proteinuria status \[[@bib6]\]. These guidelines are clear about GFR measurements, which must include at least two readings \>90 days apart, but do not clearly state the timing or setting for proteinuria determination. Although bloodwork for CKD screening (including sCr and eGFR) is routinely performed in U.S. primary care settings, dipstick UA is not, primarily because cost effectiveness has not been confirmed \[[@bib21]\]. One concern is that broad application of dipstick UA has the potential to increase unnecessary additional evaluations due to the propensity of false-positive results. In one study, significant urinary tract disorders were detected in less than 1.5% of asymptomatic adults with screen-identified proteinuria \[[@bib12]\]. In higher risk populations, such as patients who have been hospitalized, routine UA can prove beneficial \[[@bib22],[@bib23]\]. In addition to identification of proteinuria, UA is useful for the detection of pyuria, hematuria, excreted glucose, erythrocytes, and biomarkers for liver disease, and other related comorbidities \[[@bib24]\]. In other countries, such as Japan, where the relative prevalence of proteinuria in the population is higher, universal screening is common practice \[[@bib25]\].

Proteinuria has several etiologies including glomerular, tubular, overflow, and transient. Glomerular proteinuria is the most common etiology, reflecting an intrinsic insult to the renal parenchyma with albumin as the main excretory product \[[@bib26]\]. Patients in the Framingham study, which are felt to approximate the general U.S. population, were found to have a three-fold increase in mortality if they were positive for proteinuria \[[@bib27],[@bib28]\]. Although the Framingham study was not focused on renal outcomes, the risk of progression to kidney failure was independently increased in patients with higher levels of proteinuria \[[@bib10],[@bib29]\]. UA is shown to be a reliable method to detect proteinuria and diagnose CKD stage 2 \[[@bib11]\]. While microalbuminuria has been suggested to be predictive of negative outcomes in older critically ill patients, to the best of our knowledge, it has not yet been assessed whether evaluation in broader patient settings influences survival \[[@bib30]\].

In our study, increasing levels of proteinuria were associated with decreased overall survival within patients undergoing UA in each clinical situation, with ED patients having the greatest disparity from A1 to A3 (90%--68% at 6 years, respectively). These findings are consistent with the present literature and advance the present understanding of the role of proteinuria as an indicator of faster progression to kidney failure and an increased mortality \[[@bib10],[@bib29],[@bib31]\].

Those with inpatient UA measurement had the lowest survival in all proteinuria groups (67%, 58%, and 52% for A1, A2, and A3, respectively). Outpatients were shown to have the best survival with 6-year rates of 93%, 86%, and 75% for A1, A2, and A3, respectively. These data suggest that UA is a strong predictor of survival in each of these clinical settings, but behaves differently in each. When urinalyses are to be used for determination of proteinuria related to CKD, these data suggest that inpatient and Ed settings are not equivalent to the outpatient setting. If broad screening is to be performed, these data suggest that urinalyses only from the outpatient setting be used. Alternatively, if screening is felt only to be of benefit in high-risk patients, UA would be of highest yield for hospitalized patients and those with a cancer diagnosis, high CKD risk, and/or impaired renal function, as those groups of patients had the highest hazard ratios for all-cause mortality. Screening these patients may make them eligible for appropriate countermeasures to prolong survival.

Our results demonstrate that depending on the setting in which the UA was performed, long-term mortality will vary. While all three of our cohorts revealed an increase in mortality with rising proteinuria, hospitalized patients had the worst prognosis. Even hospitalized patients with no proteinuria exhibited greater short and long term mortality when compared with outpatients and ED patients. When assessing a patient\'s status, it is not enough to just consider lab results but to also take into account the overall clinical picture, which includes the risk as determined by the clinical setting. When conducting future retrospective studies or designing clinical trials, it is important to take into account that hospitalized patients represent a population that are inherently predisposed to both short- and long-term mortality.

Our study has several important limitations, including those occurring in any retrospective, observational analysis of a large patient cohort study. The indications for UA in each setting were subject to different selection biases. We were unable to assess medication usage within this dataset. Additionally, the West Michigan patient population may not be representative of more racially and ethnically diverse populations that have higher incidence of CKD. Validation in health care systems in other geographical locations will be necessary to corroborate our findings. Due to the large volume of UA and serum creatinine samples included, pre-existing CKD diagnosis could not be analyzed as it was not routinely recorded. The relationship between pre-existing CKD status and patient population settings is of interest for additional analysis. While our survival data does provide a longitudinal perspective for mortality outcomes, we were unable to track the corresponding longitudinal proteinuria and ACR data. Another limitation is variability in treatment between different settings, which could be accounted for in a longitudinal study with more detailed patient follow up.

Proteinuria is a strong predictor of mortality in all clinical settings. Hospitalized patients have a lower survival rate than outpatients and ED patients in all proteinuria groups. The value of UA in these three patient settings as a screening tool for proteinuria and other conditions appears high, as a high proportion ofpatients have proteinuria and other abnormalities on clinically-determined UA. Classification of CKD risk according to GFR, amount and setting of proteinuria, and cause, may better identify patients at increased risk for mortality so that appropriate management and nephrology referral can be arranged.
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[^1]: IQR, interquartile range; GFR, glomerular filtration rate; KDIGO, kidney disease: improving global outcomes.

[^2]: KDIGO, kidney disease: improving global outcomes; GFR, Glomerular filtration rate; PVD, peripheral vascular disease; CAD, coronary artery disease; MI, Myocardial infarction.

[^3]: Reference group = Emergency Department.

[^4]: Reference group = KDIGO Class 1 (Low).

[^5]: Variable not included in this analysis.

[^6]: Reference group = GFR group G1/G2.

[^7]: Reference group = Proteinuria group A1.

[^8]: Hazard ratios were not calculated and variable was not included in the model, due to failure to enter the model at p \< 0.05.
